
120© The Author(s) 2017. Published by Oxford University Press on behalf of Entomological Society of America. 
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Climate Change

Delimiting Strategic Zones for the Development of Fall 
Armyworm (Lepidoptera: Noctuidae) on Corn in the State 
of Florida
A. G.�Garcia,1,3 W. A.�C.�Godoy,1 J. M.�G.�Thomas,2 R. N.�Nagoshi,2 and R. L.�Meagher2 

1Department of Entomology and Acarology, University of São Paulo, ESALQ, Piracicaba, SP, Brazil, 2Center for Medical, Agricultural 
and Veterinary Entomology, Agricultural Research Service, U.S. Department of Agriculture, Gainesville, FL 32608, and 3Corresponding 
author, email: adrianogomesgarcia@gmail.com

Subject Editor: Norman Elliott

Received 23 August 2017; Editorial decision 13 November 2017 

Abstract
The fall armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), cannot survive prolonged periods 
of freezing temperatures, thereby limiting where it can overwinter in North America. Climate change is anticipated 
to reduce the frequency of freeze days in Florida over the decades, with the potential consequence of a signi�cant 
expansion of the overwintering range, whose northern limit in North America was assessed between 27 and 28°N 
in the last century. To assess this possibility, the development of the fall armyworm on corn leaves, one of the main 
host plants in the United States, was determined at �ve constant temperatures ranging from 14 to 30°C. Based 
on the development time, the thermal constant and the lower threshold temperature were used to estimate the 
number of generations of fall armyworm at 42 locations in the state of Florida, from 2006 to 2016. Maps were 
constructed to provide a visual description of the interpolated data, using GIS (Geographic Information System). 
The highest number of generations was observed in the counties farther south, an area that showed the highest 
temperatures during the years and plays a strategic role in maintaining fall armyworm populations in corn �elds. 
Additionally, we conclude that in the absence of freeze periods, the northern limit for fall armyworm overwintering 
should be between 28 and 29°N.
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Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) is a 
major insect pest that damages many �eld and vegetable crops 
in the Western Hemisphere, from southern Argentina to southern 
Canada (Sparks 1979). One of its main host plants is corn (Zea 
mays L.), which is planted as �eld corn in northern Florida and 
sweet corn in southern Florida (Florida Corn Insect Identi�cation 
Guide 2016). Since insects are poikilothermic animals, they need 
to develop strategies to survive more extreme temperatures at 
higher and lower latitudes (Lee and Delinger 1991). In particular, 
the fall armyworm does not diapause and its survivorship dur-
ing colder seasons depends on overwintering regions where larval 
and pupal development is possible (Bar�eld et al. 1978, Wood et 
al. 1979). Although it is important to understand the relationship 
between insect distribution and temperature in order to develop 
pest-management plans, most studies detailing the effects of tem-
perature on the development of fall armyworm populations in 
North America are more than 25-yr old (Hogg et al. 1982, Ali 
et al. 1990). The results have been generally consistent with sig-
ni�cant deleterious effects becoming apparent above 28°C and 

below 20°C, regardless of the diet of the armyworms (Bar�eld et 
al. 1978, Ali et al. 1990). Given these constraints, it is not surpris-
ing that climatic conditions in�uence the geographic distribution 
of fall armyworm in the continental United States, and it is neces-
sary to know the effects on current populations, which may have 
changed in recent decades.

Snow and Copeland (1969), using insect survey reports composed 
of larval collection data and data from captures of adult males in 
traps, de�ned areas where the generations are continuous. Waddill 
et�al. (1982) monitored the seasonal abundance of fall armyworm in 
Florida, concluding that they were most abundant in the south dur-
ing the spring and more numerous at locations farther north during 
the summer and fall. These observations led to the conclusion that 
the northern limit for fall armyworm overwintering in North America 
is between 27° and 28°N, unless winters are unusually mild (Snow 
and Copeland 1969, Wood et�al. 1979, Waddill et�al. 1982). Several 
hypotheses have been proposed to describe the seasonal survival strat-
egies of fall armyworm; however, many of the experiments needed to 
test these ideas have not been completed (Bar�eld et�al. 1980).
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Maps clearly showed fewer generation cycles in the north 
(above ~29°N) and an increasing number of cycles southward. This  
pattern changed drastically in three separate years: in 2010, the 
zone corresponding to the category high disappeared; in 2015, the 
zones corresponding to the categories high and medium expanded 
northward and a new zone corresponding to an area that exceeded 
11 generations per year appeared (extremely high); and in 2016, 
the pattern observed was very similar to 2015, but the zones 
receded from the�north.

Maps were also generated to indicate the overwintering areas 
where the insect generations are uninterrupted, i.e, all months show 
Gm > 0 (Fig.�4). For all years, the line delimiting the area with uninter-
rupted generations is located between 28°N and 29°N, except in 2010. 
In 2010, the line moved abruptly southward, reaching latitude 26°N.

Discussion
Except for the pre-oviposition period, the data showed that tem-
perature signi�cantly affected the development, reproduction, and 
longevity of S.� frugiperda. The rate of development as well as the 
parameters of the linear model were very similar to those found by 
Ali et�al. (1990). Our nearly wild colony that fed on plant material 
required slightly longer to develop at warmer temperatures for lar-
val development and slightly shorter for egg development. The lower 
threshold temperatures and thermal constants were similar in the 

two studies, except for the thermal constant corresponding to the 
larval stage, indicating that the present population required more 
heat and consequently higher temperatures to pupate when com-
pared to the population from�1990.

Regarding the maps, the temperature in Florida gradually 
increases toward the south, implying increased numbers of gen-
erations. In 2010, Florida faced the coldest winter in 30 yr due to 
a combination of cold Arctic streams of air and effects of the El 
Niæo climate phenomenon, experiencing temperatures near �4°C 
in east-central Florida (Inch et�al. 2014). As a result, the estimated 
number of insect generations decreased throughout the state. On 
the other hand, 2015 was the warmest year on record in Florida, 
followed by 2016, resulting in an increase in the estimated number 
of fall armyworm generations throughout the state (NOAA 2015, 
UFWeather 2015). If temperatures remain high, farmers may face 
new challenges to deal with an increase in population numbers of 
this insect�pest.

Figure�4 indicates that locations farther north (darker area) do 
not provide conditions where fall armyworm populations can be 
maintained year-round. In these regions, the value of Gm was equal 
to 0 from December to February, i.e., the Northern Hemisphere win-
ter. Therefore, the results suggest that these populations periodically 
receive migratory adults from the south. Fall armyworm populations 
within the light-gray area on the map (uninterrupted generations) 
act as a reservoir of individuals for migration after colder seasons. 

Table�2. Mean duration (– SE) of the pre-oviposition, oviposition period (d), and fecundity (eggs per female) of S.�frugiperda recorded at 
four constant temperatures

Temperature (°C) Pre-oviposition Oviposition Longevity Number of eggs

30 4.8�–�0.8a 5.2�–�0.4a 8.8�–�0.6a 790.1�–�105.3a
26 4.9�–�0.3a 8.7�–�0.4b 14.8�–�0.5b 1071.0�–�80.6b
22 6.0�–�0.6a 11.4�–�0.7c 18.4�–�1.0c 993.5�–�109.4ab
18 � � 19.5�–�0.5 d �

Means followed by the same letter in a column are not different from one another by Tukey�s test at 5%.

Table�3. The lower developmental threshold temperature (Tb) and thermal constant in degree-days (K) estimated for the immature stages 
of S.�frugiperda in the present study and by Ali et�al. (1990)

Parameter Study Egg Larva Pupa Egg-adult

Current 11.7�–�1.2 12.5�–�0.3 14.1�–�0.9 13.2�–�1.0
Tb Ali et�al. (1990) 12.7�–�1.4 11.8�–�2.4 13.7�–�1.7 12.2�–�1.8

Current 39.5�–�3.5 250�–�6.8 108.7�–�9.2 400�–�19.5
K Ali et�al. (1990) 39.9�–�3.9 204.1�–�15.8 113.6�–�7.1 357.6�–�26.8

Fig.�2. Rate of development versus temperature for fall armyworm: (a) egg masses, (b) larval stage reared on corn, and (c) pupae, estimated with a linear model 
�tted to the data for development time (continuous line). The dashed line represents the model obtained by Ali et�al. (1990).
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